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Abstract. An installation was developed and studies were carried out to determine the oxide solubility of copper,
lead, arsenic, and antimony from copper-lead matte to slag under conditions of controlled values of Po2=2,74*10*
Pa and Ps2=1,45*10? Pa, applicable to smelting reduction processes of copper-, lead-containing raw materials. It
was found that the oxide solubility of copper from matte to slag increases monotonously with an increase of copper
content in the matte. The presence of lead in the matte does not significantly affect the final solubility of copper in
the slag. In a reducing atmosphere, the solubility of copper in slag is 0.28-0.35%, at the range of copper content of
30-45% in the matte, which is typical for industrial practice. The solubility of lead from copper-lead matte to slag has
higher values and increases to 1%. According to the results of mineralogical studies, there is no metallic form of
arsenic in slags. Arsenic in slags was found in the form of oxide (As20s) bound to silicate. Antimony in slag was
found in oxide and metallic form. Moreover, the proportion of the last form in the slag prevails. It is shown that under
reduction conditions the sublimation of arsenic and antimony from copper-lead matte is difficult. Equilibrium
concentrations of As, Sb in the slag (0.17%) are achieved with their optimum content in the matte which is about
0.63%. Obtained results can be used to predict the loss of oxide solubility of copper and to develop optimal solutions
to reduce the total loss of copper with slag during the reduction processes of separate processing of copper-, lead
containing raw materials.
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Introduction while data on the solubility of lead in slag, even

within the widespread practice of classical mine

Almost all smelting processes of sulphide copper
and lead concentrates are followed by the stages of
melting and formation of two-phase system (slag,
matte), wherein after phase break and slag removal,
matte is further processed. In this case, most of the
gangue components are removed from the system as
part of the slag phase. Depending on the selected
process, the copper content in the slag can vary in the
range of 0.5 to 2%. High copper content slags
obtained by autogenous smelting processes are
usually further processed by flotation or other known
methods [1, 2].

The issues of copper loss with smelting slag are
widely discussed in the technical literature [1-7],

reduction smelting technology, remain debatable [8,
9, 10] . There is a particular interest of the study of
copper and lead losses with slags obtained during
separate mine contractile smelting of intermediate
products and recycled materials of lead production.
Although this technology does not allow achieving
high technological indicators: copper extraction into
matte is ~ 83%, lead into lead bullion barely reaches
60% [11], this application is an industrial necessity
caused by significant increase of processed products
and lack of efficient technology for their processing.
Solution of the problem requires a detailed study of
the equilibrium of the copper-lead matte-slag-gas
phase system in order to establish thermodynamic
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solubility limit of copper and lead in slags and to
determine the quantitative ratios of the form of losses
(mechanical and dissolved). This will allow choosing
optimal solutions to reduce not only the loss of non-
ferrous metals with slag, but also to determine the
equilibrium distribution of impurity metals between
matte and slag.

The purpose of the work is to study the solubility
of copper, lead and associated metals from copper-
lead matte to slag in relation to conditions of mine
contractile smelting of intermediate products and
recycled materials of lead production.

Research methods

To study the solubility of lead, copper, arsenic
and antimony, the results of phase, elemental
composition and mineralogical studies of samples of
industrial mattes and slags obtained during the
processing of copper, lead containing intermediate
products and recycled materials of lead production
were used under conditions of mine contractile
smelting [12]. Modern approaches of mathematical
processing methods are widely used in the work.

Elemental and phase analysis of matte and slag
samples was performed by using Helling mass
spectrometer and Agilent 7700 Series ICP-MS at
room temperature.

Mineralogical studies of the surface structure of
solid air-hardened slag samples were conducted on
MS-46 CAMECA electron microprobe and Neofot
microscope (Carl Zeiss AG, Germany).

To study the equilibrium of the copper-lead
matte-slag-gas phase system, the method of dynamic
flow of gas mixture CO-CO,-SO, was used which
allows setting of required partial pressure of oxygen
(Po2) and sulfur (Ps2) in the system.

Results and discussion

To analyze the industrial data of smelting
products of mine contractile smelting, selective array
of matte and slag was used, compositions are shown
in Table 1.

The results of [12], obtained on the basis of
detailed complex mineralogical studies of industrial
samples of slags and mattes, showed that the iron in
the slags is present in the form of sulfide (FeS),
ferrous and trivalent iron, also insignificant amounts
in the metallic form as arsenide and antimonide of
iron.

In order to clarify the quantitative ratios of
ferrous and ferric iron in slags, additional studies
were carried out, the essence of which was as follows.
From the slag samples previously taken from the
furnace, the sulfide part was separated by known
methods. Obtained slag was subjected to a
comprehensive study by the methods of chemical and
NGR analysis as well as mineralogical studies. The
chemical method of analysis was used to determine
total (Feww) and divalent (Fe**) iron content in the
slag. According to the results of the obtained data, the
content of ferric iron (Fe*") was calculated based on
the difference: Fe** = Fea - Fe?*.

Table 1 — chemical composition of paired samples of matte and slag

No Composition of matte, wt.%
[Cu] [Pb] [Zn] [Fe] [S] [As] [Sb] [Au]* [Ag]*

1 38,6 26,33 42 7,63 11,43 4,38 1,98 16,3 1375
2 32,55 29,34 4,24 8,94 10,17 4,77 1,62 14,47 1530
3 40,25 24,36 473 9,49 11,9 4,39 2,36 16,9 1203
4 36,19 26,16 4,33 8,29 9,82 4,19 1,85 15,3 1463
5 38,54 28,74 3,24 5,96 10,6 4,98 2,28 16,37 1548
6 40,41 29,66 2,96 5,62 12,07 5,94 2,62 16,8 1570
7 42,97 26,42 413 8,88 10,4 3,01 1,54 17,07 1430
8 29,95 25,11 4,76 12,93 12,9 3,29 1,44 13,43 1330
9 39,51 25,47 5,25 13,17 11,3 2,88 1,35 15,6 1373
10 | 343 23,29 6,07 12,43 10,2 3,06 1,13 14,7 1200
11 | 36,93 24,09 4,95 9,96 9,87 3,22 1,93 15,8 1245
12 | 358 28,76 4,24 7,87 10,84 4,02 1,75 18,0 1513
13 | 33,55 25,9 4,12 9,05 11,27 3,94 1,68 16,1 1287
14 | 238 19,42 6,75 13,71 6,07 3,02 1,06 12,2 997
15 | 24,19 19,76 6,84 12,8 75 2,8 1,02 12,7 1037
16 | 32,59 26,36 5,07 10,78 12,4 3,35 1,45 14,7 1330
17 | 36,3 23,18 513 11,58 11,2 28 2,04 15,3 1123
18 | 34,55 22,74 5,23 12,24 9,31 2,83 1,62 13,6 1163
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Composition of slag, wt.%
(Cu) (Pb) (Zn0O) (SiO2) (Fetotal) (Ca0) (As) (Sh) (Au)* (Ag)*
0,5 1,08 11,54 24,2 20,7 20,7 0,19 0,14 0,073 4,2
0,47 1,24 11,72 26,49 21,18 19,7 0,17 0,14 0,068 4,9
0,52 0,89 10,7 25,67 19,72 21,47 0,16 0,15 0,075 3,6
0,49 1,45 11,64 25,31 20,5 18,69 0,23 0,14 0,073 6,0
0,52 1,45 10,42 24,69 215 19,85 0,25 0,13 0,07 4,6
0,53 1,38 11,52 25,78 20,9 18,08 0,23 0,12 0,074 52
0,54 1,26 17,3 21,83 22,2 18,91 0,1 0,14 0,076 4,4
0,5 13 9,94 25,15 24,25 15,0 0,15 0,16 0,073 4,8
0,53 0,63 8,54 25,51 22,22 21,02 0,16 0,17 0,07 3,3
0,45 0,84 7,92 26,74 21,2 19,92 0,13 0,15 0,067 4,1
0,51 0,98 6,87 23,85 22,73 16,87 0,11 0,14 0,073 4,1
0,52 1,67 7,35 25,6 22,47 16,61 0,24 0,13 0,072 59
0,46 1,12 9,21 27,08 21,36 18,54 0,15 0,15 0,068 3,7
0,34 0,7 10,02 27,77 20,7 17,48 0,12 0,17 0,053 3,2
0,35 0,67 11,42 26,19 20,93 19,17 0,21 0,16 0,054 3,7
0,45 0,99 10,44 24,57 23,12 17,83 0,12 0,13 0,068 3,7
0,57 0,84 9,97 26,53 22,41 18,22 0,11 0,14 0,08 3,2
0,47 0,81 10,76 26,0 23,05 17,51 0,09 0,15 0,07 3,6

Results of the NGR analysis and mineralogical
studies of powder and solid slag samples showed
good convergence by forms of presence of iron as
well as with data obtained by the chemical analysis
method. In all studied slag samples, the part of
ferrous iron was 74-78% and the part of ferric iron
was around 15% of the total iron content in the slag.

Total iron content (Fewtw) in all slag samples
varied within 20-24 wt.%. The change in the content
of Fe?* in the slag was 15-18 wt.%. The content of
Fe** in the slag varied within 3-4 wt.%. Slight
fluctuations in the content of Fe* and Fe*" in the
slags allow to argue that technological parameters
affecting the distribution of metals between the
smelting products were constant under the conditions
of the mine contractile smelting process.

Using the results obtained by the equation
lg(Fe**/Fe?*)=0,196*IgPo,+0,722 [13], the partial
pressure of oxygen was calculated, which showed a
slight change: from IgPo2 =-9,2 1o 1gPo2 =-9,9 (Poy,
atm.), which is associated with fluctuations of iron
content in the matte. Established level of oxygen
partial pressure was chosen for laboratory
experiments to study the equilibrium of the matte -
slag - gas phase system.

The minor elements - arsenic and antimony in the
slag, are mostly represented in oxide form. Antimony
has also been found in metallic form (Sb®). Obtained
results are consistent with the data in studies [14-16].

Installation to study equilibrium of the system of
copper-lead matte-slag-gas phase is shown in Fig. 1.

E] 10
Z %%
S — 50,+ cO/COo;
chromatographic
analysis

1 - CO; ballon; 2 — SO, ballon; 3 — rotameters; 4 — tube furnace; 5 — coal reactor; 6 — capacity for a set of gas mixture
of CO, CO,, SO2; 7 — oil layer; 8 — heating furnace; 9 — quartz reactor with boats with hitch; 10 — thermocouple PP-1;
11 — potentiometer KSP-4; 12 — boat stand.

Figure 1 General scheme of dynamic gas flow method to study the equilibrium of the matte—slag—gas phase system




KomnnekcHoe Ncnonb3oBaHne MuHepansHoro Ceipba. Nel (312), 2020

ISSN-L 2616-6445, ISSN 2224-5243

Methodology of the experiments was as
follows. Samples of copper matte and iron-silicate
slag are placed in a boat crucible, which is placed on
a special stand 12 made of foam material. In order to
avoid mechanical losses of copper with slag, the
stand is made so that when a boat crucible is installed
on it, it is slightly inclined (~5°) to the horizontal axis
of the quartz reactor.

Slag and matte in the boat crucible are
located opposite to each other so that once slag melts,
it flows to the liquid matte. Up to five boat crucibles
with an initial test portion are simultaneously loaded
into the working zone of quartz reactor.

The temperature difference along the entire
length of the working zone is minimal and in the
range of +£10°C from the set point. Temperature
measurement is done by II1-1 thermocouple.

After loading the boat crucibles, the quartz
reactor 9 is closed by brunch pipe equipped with two
holes - for the entrance and exit of the CO—C0O2-S0;
gas mixture, the composition of which sets the
required value of Po, = 2.74*10* Pa and Ps; =
1.45*10? Pa . Maintaining a constant level of Po; and
Ps2 during the experiment is achieved by collecting
of gas mixture prepared in advance with the
following composition, vol .%: 17 SO,, 71 CO; and
12 CO [17] in the gas tank 6 and its further supply to
the reaction zone. The consumption of the gas
mixture is 1 L/h. Throughout the experiment, the
composition of the gas mixture was continuously
monitored at the inlet and outlet of the reactor by
chromatograph. Constant composition of the gas
mixture at the inlet and outlet of the reactor indicated
achievement of the equilibrium in the system.

Once experiment is done, stand with boat
crucibles were removed from the furnace. Smelting
products (slag, matte) after their separation were
subjected to the elemental analysis.

Experiments were performed with copper-
lead matte, which was prepared by mixing pure
sulfides of copper, lead and iron, based on the
calculation of the sum of copper and lead contents of
30, 40, 50, 60, 70, and 80 wt.% at the ratio of copper
to lead equal to 1.0; 2.0 and 3.0. Selected initial matte
compositions completely cover the range of matte
compositions obtained in practice.

Composition of iron-silicate slag in the
experiments was constant and contained, wt.% .:
65.46 FeO; 30.8 SiOy; 3.74 Fe30a.

The test portion of matte and slag in all
experiments was constant and amounted to 3 and 6 g,
respectively. Metallic arsenic and antimony equal to
2% of the weight of the original matte were added to
all samples of mattes. The temperature of the
experiments is 1523 K.

The test conditions and study results are
given in Table 2.

The dependence of the content of copper in
slag on its content in matte, shown in Fig. 2, shows
an increase in the content of copper in slag with
increasing its content in the matte. It is interesting
that the data of the solubility of copper in slag,
regardless of the change in the ratio of copper to lead
in the original matte, lies on the same line. The
established consistent pattern can be explained by
general positions of the theory and practice of
metallurgical processes.

Table 2 Results of the study of the equilibrium of the system of copper-lead matte - slag - gas phase at controlled values

P02=2,74*10* Pa n Ps;=1,45*102 Pa

Composition
4 of initial Composition of Me in the final matte, wt.% Composition of final slag, wt.%

matte, wt.%

[Cu] | [Pb] | [Cu] [Pb] [Fe] [As] | [Sb] | (Cu) | (Pb) | (As) | (Sb) | (FeO) | (SiO2)
1. 5 25 4,37 23,08 | 4257 |021 |101 |0,13 | 0,37 | 0,13 | 0,28 | 58,93 | 28,43
2. 10 20 11,2 19,4 39,75 |022 089 |04 | 0,34 | 0,13 | 0,24 | 64,03 | 28,31
3. 15 15 16,3 13,72 [39,70 | 036 |100 |0,16 | 0,28 | 0,14 | 0,28 | 59,23 | 27,84
4, 20 10 19,04 |95 4055 035 [1,01 |05 0,35 |014|0,28 | 63,16 | 28,29
5. 20 20 22,71 |1831 |3127 |051 |062 |017 | 0,39 |0,16|0,17 | 63,33 | 27,74
6. 25 15 24,9 1385 |3266 |053 |062 |016 |041|0,14|0,18 | 64,2 27,89
7. 30 10 31,62 | 8,67 31,05 041 |063 |06 | 037|015 0,17 | 59,87 | 29,1
8. 25 25 26,32 | 2345 | 2467 |061 |048 |0,18 | 061 | 0,18 | 0,15 | 65,36 | 28,7
9. 30 20 28,4 19,21 | 26,02 | 058 |[049 |018 | 047 |0,18|0,14 | 64,29 | 274
10. 30 30 29,87 | 2863 |1808 |0,73 |042 |0,22 | 0,69 |0,19|0,12 | 63,83 | 28,05
11. 35 25 36,42 | 2317 |16,75 |086 |04 0,23 | 0,58 | 0,21 | 0,13 | 64,02 | 27,97
12. 40 20 39,07 | 1942 |17,31 |09 0,37 0,21 | 0,62 | 0,21 | 0,13 | 60,73 | 29,54
13. 35 35 34,8 32,86 | 11,08 |101 |034 |024 |093|023|01 |579 28,78
14. 40 30 38,1 2857 | 11,37 |11 0,34 1027 |09 |024]0,11]6287 | 27,97
15. 45 25 44,8 23,18 | 9,92 1,18 | 0,39 |0,28 |0,87 | 0,25 | 0,11 | 59,74 | 29,45
16. 50 25 48,74 | 22,8 7,1 1,16 |035 |03 098 ]0,26 |01 |6183 | 28,64
17. 55 20 56,09 | 18,62 | 4,16 137 038 |032|118 0,29 | 0,11 | 65,73 | 27,13
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18. 60 15 62,3 13,47 2,9 1,46 0,35 0,33 | 1,05 | 0,32 | 0,11 | 62,87 | 28,05
19. 45 35 448 33,75 2,47 1,31 0,32 0,36 | 1,26 | 0,32 | 0,1 63,16 | 29,12
20. 50 30 48,72 27,92 3,39 1,23 0,32 0,34 |11 0,29 | 0,1 62,49 | 29,47
21. 60 20 59,47 | 17,09 | 252 147 |038 |032 |12 |029|001 |6192 |2897
1
0,2 o experimental dats
® ndu=irial dats
0E A& M. Kameda & A Wazawa [18]
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Figure 2 Dependence of copper content in slag from its content in the matte

The solubility of copper from matte to slag
occurs because of the oxidation of copper sulfide:

CuS+150,=2CuQg;s + SO.. (1)

The constant of reaction (1) is determined by
the expression:

K@) = a%cu005*Psoz / acuzs*P%02,  (2)

where: acuoos — activity of copper oxide in the slag;
acuzs - activity of copper sulfide in the matte;
Pso2, Poo — partial pressure of SO, and
oxygen.
By solving (2) with respect to acuoos, We

obtain:

a%cuo0s = acuss™ Kg* P*%02 / Psoz. (3)

Under equilibrium of the system, the values
as Kq), Poz, and Pso2 are constant; therefore, activity
of copper oxide in the slag is determined by the
change in the activity of copper sulfide (acus).
Consequently, the presence of lead in the matte will
have only weak effect on the solubility of copper in
the slag.

Significant excess of the copper content in
the slag of industrial data compared with
experimental results seems quite natural. Figure 2
shows the total copper content for industrial slags
(the sum of mechanical and dissolved copper losses),
while the results of experimental studies consider
only content of copper oxide solubility in the slag.
The increase in the total losses of copper with slag is
accompanied by the influence of a higher
temperature of the mine contractile smelting process
(1573 K) than the temperature of laboratory
experiments (1523 K).

The results of experimental studies are in
good agreement with the data given in study [18],
where the solubility of copper in iron-silicate slag
from copper matte was studied, at all other equal
conditions of conducting experiments. The identical
nature of the established patterns indicates that the
mechanism of oxide solubility of copper in slag, both
from copper and copper-lead mattes, is uniform.
Since oxide solubility of copper is determined mainly
by the value of acuws (3), obtained dependency
indicates that acys in the Cu,S—FeS—-FeO and (Cu.S
+ PbS)-FeS—FeO systems are close to each other.

Traditional dependency of the content of lead
in the slag from its content in the matte remains for
the lead as well, as can be seen from Fig. 3.
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Figure 3 Dependence of lead content in slag from its content in the matte

A comparative analysis of industrial data
with experimental data shows that the plant results,
as for copper, exceed the experimental ones, which is
explained by the elevated temperature of mine
contractile smelting. On the other hand, in the case
with plant practice, the results for total lead content
in slags are given (Table 1), but not its oxide
solubility. It should be noted that the lead is more
soluble in slag than copper. When the lead content in
matte is 20-25%, typical for industrial practice,
dissolved form of lead in slag rises to 1%, which
leads to increase in its total losses with slag.

Under the conditions of the experiments, the
thermodynamic probability of oxidation of lead
sulfide can be described by the following reactions:

PbS + 1,50, = PhO + SOy, (4)
PbS + FeO = PbO + FeS. 5)

The reaction (4) is preferable (AG®sx3x = —
290552,2 J/mol) than reaction (5): AG®sz3x =—85372
J/mol.

When the system is in equilibrium, constants
of reactions (4) and (5) are equal K@#)=Kgs), therefore,
we can write:

apbo*Psoz / apps*P 02 = apho*ares / apps*areo.  (6)

Considering that under the experimental
conditions, the values of Po, and Pso, are fixed, by

solving the left side of expression (6) with respect to
appo, We obtain:

Npbo = A1* Neos, (7)

where activities are replaced by the product, a = N*y;
Ay is constant, A1 = K@)*Po2*ypbs / Pso2*yrvo.

On the other hand, solution of the right-hand
side of expression (6) with respect to apno allows us
to write:

Nrbo = A2* Npos / Nees, (8)

where activities are replaced by the product,
a=N*y;
Az =K * Yros*Nreo™yreo / Yres™ Ypoo.

From the expression (7) it is seen that the
solubility of lead in the slag increases with increasing
the lead content in the matte. Expression (8) indicates
that an increase in the Cu/Pb ratio in the matte by
decreasing the lead content in it rises the iron content
in the matte. In this case, the equilibrium of reaction
(5) is shifted towards the formation of lead sulfide,
which leads to decrease in the lead content in the slag.
The established pattern is not difficult to see from the
results given in Table 2.

Dependence of the content of arsenic and
antimony in the slag on their content in the matte is
shown in Fig. 4.
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Figure 4 The dependence of the content of As, Sb in the slag from their content in matte

Equilibrium concentrations of arsenic and
antimony in slags, equal to 0.17 wt.%, are achieved
when their total content in the original matte is
around 0.63 wt.%. Experimental data for both arsenic
and antimony practically lies on in a straight line.
Moreover, the curve for arsenic is more gentle than
for antimony. In the latter case, desired dependence
iS more pronounced.

The results of mineralogical analysis of slag
samples obtained after the experiment showed that
there is no metal form of arsenic in slags. Arsenic in
slags was found in the form of oxide (As2Os) bound
to silicate. Antimony in slag was found in oxide and
metal form. Moreover, the proportion of the last form
in the slag prevails.

This indicates that under reduction
conditions the sublimation of antimony to the gas
phase is difficult, therefore, its main part is
concentrated in the slag as a metallic form (Sb°). This
position is consistent with the results of [14]. Under
the conditions of the experiments, the main part of
antimony passes from matte to the slag directly,
without undergoing any physicochemical changes.
As a result, its final content in the slag, with some
deviation (its minimal oxidation), is determined by its
initial content in matte, which is observed in Fig. 4.
In this case, tangible separation of antimony between
matte and slag should not be expected.

Conclusions

1. The installation was developed and studies
were carried out to determine the oxide solubility of
copper, lead, arsenic, and antimony from copper-lead
matte to the slag under conditions of controlled
values of Poy = 2.74*10* Pa and Ps, = 1.45%107 Pa,
applicable to smelting reduction processes of copper-
, lead-containing raw materials.

2. It was found that the oxide solubility of
copper from matte to slag increases monotonously

with an increase of copper content in the matte. The
presence of lead in the matte does not significantly
affect the final solubility of copper in the slag. In a
reducing atmosphere, the solubility of copper in slag
is 0.28-0.35%, at the range of copper content of 30-
45% in the matte, which is typical for industrial
practice.

3. It was shown that the solubility of lead
from copper-lead matte to slag has higher values than
for the copper. Increase in the solubility of lead in
slag rises with an increase in its content in matte.
When the lead content in the matte is 20-25%, which
is typical for industrial practice, its solubility in the
slag increases to 1%.

4. It is established that under reduction
conditions the sublimation of arsenic and antimony
from copper-lead matte is difficult. Equilibrium
concentrations of these metals in the slag (0.17%) are
achieved with their optimum content in the matte at
about 0.63%.

5. Obtained results can be used to predict the
loss of oxide solubility of copper and to develop
optimal solutions to reduce the total loss of copper
with slag during the reduction processes of separate
processing of copper-, lead containing raw materials.
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MbicTbl-KOpFacbiHAbI WTeMHHeH Cu, Pb, As, Sb wnakka epiriwTiri
DocmyxamepnoB H.K., X)Konpgac6am E.E.

Tyiiingeme. byn >xyMbICTa KOHABIPFBI XKaCaKTAIIbl )KOHE MBIC-, KOPFAChIH KYPaMbl MIMKI3aTThl TOTHIKCHI3aHIBIPBIIT
OaNKpITy IpoleciHe Kommanbamsl Po,=2,74*10* Ila xone Ps,=1,45*102 Tla TYpPaKTBl MOHJEpI JKaFIaibIHIa MBICTHI-
KOPFACBHIH/BI LITSHHACPACH MBICTHIH, KOPFACHIHHBIH, MBIIISIKTBIH, CYPbMaHBIH IUIAKKA TOTHIKTHI €PIrillTiriH aHBIKTAY
OOMBIHIIIA 3ePTTEYIIEp KYPTi3iaai. MbIC TOTHIFBIHBIH IITSHHHCH UTAKKA EPITIIITIT] IITEHH/IETT MBICTHIH MOJIIEPi apTKaH
CallbIH TYpaKTHl ©CETiHI aHBIKTAIIBI. OHIIPICTIK TaXipuOere cail MbBICTHIH mTedHmeri memmepi 30-45% kesinme
TOTBIKCBI3JAHBIPY aTMocdepachl JKaFaalblHAa MbICTBIH ImIakka epirimTiri 0,2-0,3% KypalTbIHBI KepCETIIreH.
KoprachIHHBIH MBICTHI-KOPFACHIHAB INITEHHHEH IUIAKKA EPITiMTiri egoyip KOFaphl €KeHi OPHATBUINBI KOHE OHBIH
IIJTaKTaFkl epirimriri 1% neitin apragpl. MUHepanorusUIbIK 3epTTeyJiep HOTHKEIEPiHEH UIAKTa MBIIIBSIKTHIH METaIBIK
(opMachIHBIH KOKTBIFbI OpHATHULIBI. [1IakTa MBINIbSIK CHIIMKATIIEH OaiaHbICKaH TOTHIK TYpiHAe (As2Os) TaObLIIbL.
CypbMa IUIAKTa TOTBHIK JKOHE METANIBIK TYpiHAE TaObUIABL. AlTa KETeTiHI IIaKTa COHFBI TYPIHIH yieci 0ackiM.
TOTBIKCBI3HaHABIPY KaFaibIH/a MBIIIBSK TT€H CYypbMaHbl MBIC-KOPFAChIHABI INTEHHHEH CYOIMMaIMsCHl KUBIH €KeHIIT1
KepceriireH. As, Sb nmakrarsl Tene-teH KoHueHTpanusics! (0,17%) onapasiy mreiiHaeri ontumans mesepi ~0,63%
Ke3iHze KeTeli. AJIBIHFaH HOTHIKEIep/i MBICTBIH TOTHIKTHI €pireH >KOFaJbIMBIH OOJDKay YIIiH ’K9HE MBIC-, KOPFachlH
KypaMabl IIUKIi3aTThl TOTHIKCHI3AAHIBIPBIN O6JIeK KallTa eHIey MpOLECiH YHBIMIACTHIPY Ke3iHAe MBICTHIH LUIAKIICH
JKAIITBI JKOFAIBIMBIH TOMEHICTYAETT OITUMAILIBI IIeNTiMII )KacaKTay1a KOJIJaHbLTybl MyMKiH.

Tyiiin ce3mep: MbIC, KOPFachIH, MBIIIBSIK, CypbMa, IITEHH, IIUTAK, €PITIMITIK, KYKIPTTIH KOHE OTTETIHIH MapIHaIbIK
KBICBIMBI, IIUIAKITEH YKOFaJIBIM.

PacTtBopumocTb Cu, Pb, As, Sb s megHo-cBUHLOBbIX LUTEMHOB B LUMAaK

HdocmyxamepoB H.K., )Kongac6aun E.E.

AnHotanusi. B Hacrosiieit pabote pazpaboTaHa ycTaHOBKa U MPOBEJCHBI UCCIEAOBAHMUS 110 ONPEAEICHUIO OKCUIHON
pacTBOPUMOCTH ME[M, CBHHIA, MBIIIbIKA W CYPbMBl M3 MEJHO-CBHUHLIOBBIX INTEHHOB B IIUIAK B YCJIOBHUSX
KOHTPOJIMPYEMBIX 3HaueHuil Po,=2,74*10 Ta u Ps;=1,45*10? T1a, NpUMEHHTENBLHO K BOCCTAHOBUTEBHBIM TTPOLIECCAM
TUTaBKH MEJIb-, CBUHEI[ COAEPIKAIIETO CHIPhsl. YCTAHOBJIEHO, YTO PAacTBOPHMOCTb OKCHIAa MEIW M3 IITEHAa B IUIAK
MOHOTOHHO BO3DPAacTaeT ¢ YBEIMUCHUEM CO/IEPXKaHUs Meu B IuTelHe. [loka3aHo, 4ToO B yCIOBHAX BOCCTAHOBUTEIBHON
aTMoc(epbl pacTBOPUMOCTh MEAM B IIJIaKe, B Ipejaenax coiepkanus menu B mTeiHe 30-45%, XapakTepHBIX ISt
3aBOZICKOH NMpakTukH, coctasisieT 0,2-0,3%. PacTBopuMOCTh CBHHIIA N3 MEAHO-CBUHIIOBOTO IITEIHA B IITAK IMEET Ooee
BBICOKHME 3HaudeHus W Bo3pacTaeT 10 1%. Ilo pe3ynpTaraM MHHEPATOTHYECKHX HCCICIOBAHUH YCTaHOBIEHO, HYTO
MeTauiiueckast (opMa MBIIIbIKA B MIIAKaX OTCYTCTBYET. MBINIbIK B MITakax oOHapykeH B Buae okcuzaa (AszOs),
cBsi3aHHOTO ¢ cuinkaToM. CypbMa B IIUIake OOHapyKeHa B OKCHIHOM 1 MeTaiindeckoid popme. [Ipuuem nosist mocieaHei
(dopmsl B iake npepaiupyet. [lokazaHo, 4To B yCIOBHSIX BOCCTAHOBJICHUS CyOIMMAIIHs MBIIIbSIKA U CYPbMbI U3 ME/IHO-
CBHMHIIOBOIO WITeifHa 3aTpyaHeHa. PaBHOBecHble KoHUeHTpanuu As, Sb B nmiake (0,17%) mocrurarorcss mpu Hx
ONITUMAJIEHOM COJIEpKaHMHU B IITeHHe, KoTopoe cocTasiseT ~0,63%. [lonyueHHbIe pe3ynbTaThl MOTYT UCHOIb30BATHCS
JUIsl TIPOTHO3MPOBAHMUS TTOTEPh OKCHIHOW PacTBOPHMOCTH MEJIU M BBIPAOOTKH ONTHMAIIBHBIX PEIICHHH 10 CHIDKEHHUIO
00X MOTEPh MEIM CO LUIAKOM IIPH OpraHU3aldy BOCCTAHOBUTEIBHBIX ITPOIECCOB pa3/esIbHOM nepepaboTKn Meab-,
CBUHEL] COJEPAKALIETO ChIPBSI.

KioueBble cioBa: Me/b, CBUHEL, MBIIIBSIK, CypbMa, IITEIH, IJIaK, pACTBOPUMOCTb, MAPIHAIBHOE JaBJICHNE KUCIOPOIa
1 CEpbI, IOTEPH CO IUIAKOM.
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